A cute myocardial infarction or sudden cardiac death may be the initial manifestation of coronary artery disease (CAD) in over 50% of patients, according to the results of the Framingham Heart Study' and other studies.2 This problem has spurred efforts to attempt to find the best screening test to identify latent CAD before the onset of symptoms. Although the exercise test has been useful to evaluate the prognosis of patients with established CAD, it is increasingly being used as a noninvasive approach to the detection of CAD in the asymptomatic individual.3 Because the probability of CAD in this group of individuals is very low, the predictive value of a positive ST segment response to exercise also has been found to be low.4-7 Other approaches, therefore, to the evaluation of exercise test results have been attempted.
Editorial Comment
Screening for Latent Coronary Artery Disease by Exercise Testing Donald A. Weiner, MD A cute myocardial infarction or sudden cardiac death may be the initial manifestation of coronary artery disease (CAD) in over 50% of patients, according to the results of the Framingham Heart Study' and other studies.2 This problem has spurred efforts to attempt to find the best screening test to identify latent CAD before the onset of symptoms. Although the exercise test has been useful to evaluate the prognosis of patients with established CAD, it is increasingly being used as a noninvasive approach to the detection of CAD in the asymptomatic individual. 3 Because the probability of CAD in this group of individuals is very low, the predictive value of a positive ST segment response to exercise also has been found to be low.4-7 Other approaches, therefore, to the evaluation of exercise test results have been attempted. See p 866 Heart rate correction of the magnitude of ST segment depression during exercise has been reported to improve the detection of the presence and extent of CAD in populations referred for cardiac catheterization because of cardiac symptoms8'9 and to reduce the frequency of false-positive responses among asymptomatic subjects referred for additional diagnostic evaluation because of an abnormal standard ST segment response.'0 Elamin et all' first introduced a new system of evaluating the exercise electrocardiogram (ECG), which involved calculating the progressive relation of ST segment and simultaneous heart rate. Their results provided a complete separation of patients with and without CAD and further subdivided patients with CAD into those with one-, two-, and three-vessel disease, without overlap.12 Such "perfect" test results were not independently confirmed.13 Hollenburg et al,14 using a treadmill exercise score that normalized the cumulative ST segment depression for workload and heart rate and adjusted the ST segment shift to the QRS amplitude, were able to reduce the number of false-positive exercise test results as evaluated by standard ST segment criteria in a population of military officers participating in a screening program. Their exact method of calculating the exercise treadmill score has not been widely confirmed in independent studies.
In this issue of Circulation, Okin et al15 use a method of measuring the heart rate (HR) adjustment of ST segment depression during exercise (the AST/HR index) and the pattern of ST depression as a function of heart rate during exercise and recovery (the rate-recovery loop) to predict the incidence of coronary heart disease events in 3,168 asymptomatic members of the Framingham Offspring Study. When either parameter was abnormal, there was an almost two-fold increase in event rate (5.4%) compared with the event rate using standard ST segment criteria (2.8%). Moreover, when both parameters were abnormal, there was a six-fold increase in event rate, compared with the group in which both variables were negative. These results imply that this approach of analyzing the exercise test is useful in screening for latent CAD.
The problem with this new method of evaluating the exercise test is that its accuracy is still so low in asymptomatic individuals, who have an extremely low prevalence of disease and hence a low subsequent event rate, that these parameters are really not much better than standard exercise test criteria. For example, of the 65 patients in the population who had new events, only 15 (23%) and 10 (15%) were identified by using the AST/HR index or the rate-recovery loop, respectively, compared with 13 (20%) using standard ECG criteria. Thus, the vast majority of patients suffering cardiac events were not identified by any exercise ECG criteria. Moreover, almost 95% of the patients with a positive test result using either of the two new exercise test parameters did not suffer an event in the subsequent 4 years. The event rate of a negative exercise test result was as high whether the test was the AST/HR index (1.7%), the rate-recovery loop (1.9%), or the standard ECG criteria (1.9%), confirming the concept that a negative exercise test result has high predictive value in a population with a low probability of disease or a low subsequent event rate.67 A valid conclusion from the results of this study,15 therefore, could be that despite a twofold increase in predictive value compared with standard exercise test criteria, the two new exercise test parameters evaluated have such low predictive accuracy in asymptomatic individuals that neither could be considered reliable for screening for latent CAD or subsequent cardiac events.
Despite these limitations of using exercise test results to screen for CAD, many physicians still use this method in their office practices to evaluate asymptomatic individuals who are above a certain age or who are about to undergo an exercise program.'6 What should be the approach? One strategy would target only those individuals who have multiple conventional risk factors and who therefore would be expected to have a higher pretest risk of CAD.17 At a National Institutes of Health consensus conference it was suggested that the initial screening for CAD in asymptomatic individuals should involve risk factor analysis for men at the age of 40 and for women at the age of 50 or at the age of menopause.18 For those individuals with multiple risk factor abnormalities, a second step might include a maximum exercise test evaluated using multiple variables. If the exercise test shows markedly abnormal results (e.g., .2 mm horizontal or downsloping ST segment depression at a workload of <stage 2 on the Bruce or equivalent protocol or at a peak heart rate of .130 beats/min), cardiac catheterization would be indicated in most circumstances to detect severe, lifethreatening CAD. If the results are equivocal or minimally abnormal using standard ST segment criteria, analysis by heart rate correction of the magnitude of ST segment depression or by the use of radionuclide exercise studies might further stratify the subsequent risk. In either case, vigorous reduction of risk factors would be indicated to improve prognosis. 18 Using this multivariate approach to analyzing exercise test results in a study of 225 asymptomatic men, Hopkirk et al19 found that certain combinations of clinical risk factors and exercise abnormalities (particularly marked and prolonged ischemic ST depression and limited exercise tolerance) were helpful in identifying patients with two-and three-vessel CAD. Bruce et a120 found, using data from the Seattle Heart Watch Study, that the presence of one or more conventional risk factors and two or more abnormal exercise variables was associated with a 33-fold increase in CHD events in asymptomatic individuals. It should be pointed out, however, that although marked exercise test abnormalities greatly increase the cardiac risk of an asymptomatic individual, most cardiac events still occur in individuals with negative test results. 21 One mechanism behind this observation may be that patients who suffer sudden death or acute myocardial infarction as their initial manifestation of CAD have mild, non-flow-limiting coronary atherosclerosis upon which a new occluding thrombus is superimposed.22 These patients, there-fore, would be expected to have a negative exercise test before their acute cardiac event.
Despite the impressive results that Okin and his colleagues8-10,23-25 have published on the use of the heart rate adjustment of ST segment analysis to improve the sensitivity and specificity for the presence and extent of CAD, it is fair to point out that their results have been contradicted in two other studies. Thwaites et a126 did not find that the use of the ST/HR slope provided additional information that could not be obtained by evaluating the standard ST segment criteria using the Bruce exercise test. A more recent analysis of exercise test and coronary angiographic data among 328 male patients referred for diagnostic cardiac catheterization also revealed that the ST/HR index did not improve the diagnostic accuracy of the exercise test for identifying the presence or severity of CAD relative to standard visual criteria.27 An accompanying editorial suggested that the different conclusions from the study probably reflected different populations studied and different methods of analyzing the results.28 Moreover, it is not obvious which of the heart rateadjusted ST segment parameters (the AST/HR index, the ST/HR slope, the rate-recovery loop, or the maximal ST/HR slope) has the most predictive value. Letters by Kligfield and Okin29 and Froelicher and Lachterman30 refuting each others' findings suggest that the importance of the heart rate adjustment of ST segment changes awaits the results of further studies by other groups.
